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(54) Semiconductor device comprising a capacitor and method of manufacturing the same 



(57) A semiconductor device has a device isolation 
oxide film, an interlayer insulating film, hydrogen barrier 
films, a lower electrode, a capacitor insulating film, an 
upper electrode, an interlayer insulating film and a wir- 
ing layer, formed on a silicon substrate. A gate electrode 
is formed on a gate oxide film between impurity diffusion 
regions in the silicon substrate. Further, a capacitor por- 
tion, comprising the lower electrode, the capacitor insu- 
lating film (ferroelectric or high dielectric substance) and 



the upper electrode, is completely covered with the 
hydrogen barrier films. The hydrogen barrier films pre- 
vent deterioration of the ferroelectric substance and the 
high dielectric constant material due to reducing condi- 
tions in a hydrogen atmosphere. Other device charac- 
teristics, however, are not adversely affected because 
only the capacitor portion is completely covered with the 
hydrogen barrier films. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 5 

[0001 ] The present invention relates to a semiconduc- 
tor device in which a ferroelectric substance material or 
a high dielectric constant material is mainly used as a 
capacitor insulating film and a method of manufacturing w 
the same. 

2. Statement of the Problem 

[0002] Recently, development has been made in the is 
area of semiconductor devices concerning a non-vola- 
tile memory having a capacitor device region in which a 
ferroelectric substance material, such as Pb(Zr,Ti)0 3 
and SrBi 2 Ta 2 0 9 , having a hysteresis characteristic is 
used as a capacitor insulating film, and concerning a 20 
dynamic random access memory in which a capacitor 
device region has a large quantity of stored electric 
charges by using a high dielectric substance material, 
such as (Sr,Ba)Ti0 3 , as the capacitor insulating film. 
[0003] It has been known that deterioration of an insu- 25 
lating characteristic and a ferroelectric characteristic 
occurs in the dielectric substance, such as Pb(Zr,Ti)0 3 
and (Sr.Ba)Ti0 3 . used in the above semiconductor 
device, when the dielectric substance is subjected to a 
reduction atmosphere because the dielectric substance 30 
is formed by an oxide. In particular, when the dielectric 
substance is exposed to hydrogen, the device charac- 
teristics deteriorate critically. In the extreme case, peel- 
ing of an electrode may be caused to occur. 
[0004] However, a hydrogen atmosphere inevitably is 35 
produced in a manufacturing process of the semicon- 
ductor device, such as a large scale integrated circuit 
("LSI"). For example, a Si0 2 film which is used as an 
interlayer insulating film is generally formed by the use 
of a chemical vapor deposition ("CVD") method. The 40 
reaction is represented by 

SiH 4 + 0 2 -> Si0 2 + 2H 2 . 

This reaction formula indicates that the hydrogen is 45 
generated as a reaction product. Further, the CVD of 
tungsten ("W") tends to be widely used to embed a con- 
tact hole having a large aspect ratio as the device size 
becomes small. In this case, the W is deposited by the 
reaction which is represented by 50 

2WF 6 + 3SiH 4 -» 2W + 3SiH 4 + 6H 2 . 

This reaction formula indicates that the reaction is car- 
ried out in a very strong reduction atmosphere. In addi- 55 
tion, an annealing process is performed in an 
atmosphere containing the hydrogen to ensure the 
characteristic of a MOS transistor after the formation of 



an Al wiring pattern. 

[0005] Means for preventing the dielectric capacitor 
from deteriorating due to the hydrogen has been 
adopted in several semiconductor devices, as known in 
the art. For example, disclosure is made in Japanese 
Unexamined Patent Publication No. H4-1 02367 of a 
semiconductor device, illustrated in FIG. 27, which has 
a TiN film or a TiON film formed on an interlayer insulat- 
ing film 16 of a capacitor portion 19 as a hydrogen bar- 
rier film 17. In the structure illustrated in FIG. 27, a 
device isolation oxide film 2, an interlayer insulating film 
6, a lower electrode 8, a capacitor insulating film 9, an 
upper electrode 10, an interlayer insulating film 13, a 
wiring layer 14, an interlayer insulating film 16, and a 
hydrogen barrier film 1 7 are successively deposited on 
a silicon substrate 1 in this order. Further, a gate elec- 
trode 5 is formed on a gate oxide film 4 between impu- 
rity diffusion regions 3 in the silicon substrate 1 . 
[0006] Alternatively. AIN or Ti 3 N 4 is formed on an 
upper electrode 10 of a capacitor portion 19 as a hydro- 
gen barrier film 1 1 in the structure illustrated in FIG. 28 
in the case of a dielectric memory which is disclosed in 
Japanese Unexamined Patent Publication No. H7- 
111318. On the other hand, Si 3 N 4 is formed on the 
entire surface of the device as a hydrogen barrier film 1 2 
in the structure illustrated in FIG. 29. 
[0007] More specifically, a device isolation oxide film 
2, an interlayer insulating film 6. a lower electrode 8, a 
capacitor insulating film 9, an upper electrode 10, a 
hydrogen barrier film 11, an interlayer insulating film 13 
and a wiring layer 14 are successively deposited on a 
silicon substrate 1 in this order in the structure illus- 
trated in FIG. 28. Further, a gate electrode 5 is formed 
on a gate oxide film 4 between impurity diffusion regions 
3 in the silicon substrate 1 . In the structure illustrated in 
FIG. 29, a device isolation oxide film 2, an interlayer 
insulating film 6, a lower electrode 8, a capacitor insulat- 
ing film 9, an upper electrode 1 0, a hydrogen barrier film 
11, a hydrogen barrier film 12, an interlayer insulating 
film 13 and a wiring layer 14 are successively deposited 
on a silicon substrate 1 in this order. In this case, the 
hydrogen barrier film 12 is formed to cover the lower 
electrode 8, the capacitor insulating film 9, the upper 
electrode 10 and the hydrogen barrier film 11. In addi- 
tion, a gate electrode 5 is formed on a gate oxide film 4 
between impurity diffusion regions 3 in the silicon sub- 
strate 1. 

[0008] Where the hydrogen barrier film 1 7 is formed 
on the interlayer insulating film 16 of the capacitor por- 
tion 19 like the conventional semiconductor device illus- 
trated in FIG. 27, the hydrogen barrier film 17 must 
cover the capacitor portion 19 with a space area of sev- 
eral microns or more from the capacitor portion 19 to 
prevent the invasion of the hydrogen from a lateral 
direction. However, cell area has been reduced with the 
high integration of memories, and the cell area of a 
highly integrated memory of 256 Megabit or more is 1 
\im 2 or less, as disclosed in Nikkey Micro Device, March 
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1 995, at page 31 . In such a case, the area of the hydro- 
gen barrier film 1 7 over the capacitor portion 19 must be 
equal to or less than the cell area. Consequently, the 
invasion of the hydrogen from the lateral direction can- 
not sufficiently be prevented. In addition, the conven- 5 
tional semiconductor device is not effective at ail for 
avoiding deterioration of the capacitor portion 19 due to 
the hydrogen where CVD of W is used for the wiring 
layer, since the hydrogen barrier film is formed over the 
wiring layer 1 4. 10 
[0009] Further, the other conventional semiconductor 
device illustrated in FIG. 28 is not effective at all for 
avoiding the invasion of the hydrogen from the side por- 
tion. In addition, the characteristic of the MOS transistor 
which is ensured by the hydrogen anneal is hindered 15 
after the formation of the Al wiring pattern in the other 
conventional semiconductor device illustrated in FIG. 
29, since the Si 3 N 4 film is formed for the entire surface 
of the device. In this case, the hindrance of the hydro- 
gen annealing effect from the formation of Si 3 N 4 film 20 
has been widely known as described in PROCEED- 
INGS OF THE SYMPOSIUM ON SILICON NITRIDE 
THIN INSULATING FILMS, 1983, pages 94 to 1 10. 

3. Solution to the Problem 25 

[0010] In the semiconductor device according to this 
invention, the capacitor portion is directly covered with 
the hydrogen barrier film and further, the hydrogen bar- 
rier film, except for a part covering the capacitor portion, 30 
is removed. Consequently, the characteristic of the 
MOS transistor is not adversely affected, and the deteri- 
oration of the capacitor portion can be effectively 
avoided. 

[001 1 ] According to this invention, there is provided a 35 
semiconductor device which has a capacitor portion 
including a ferroelectric substance material or a high 
dielectric constant material as a capacitor insulating 
film. The capacitor portion is covered with a hydrogen 
barrier film, and the remaining portion excepting the 40 
capacitor portion is uncovered with the hydrogen barrier 
film. 

[001 2] A method of manufacturing the semiconductor 
device according to this invention includes a step of 
forming the capacitor portion comprising a lower elec- 45 
trode, a capacitor insulating film of ferroelectric sub- 
stance material or high dielectric constant material and 
an upper electrode, a step of forming the hydrogen bar- 
rier film for covering the capacitor portion, and a step of 
removing a part of the hydrogen barrier film by etching, so 
[001 3] A feature of the invention is a semiconductor 
device having a capacitor portion covered by a hydro- 
gen barrier film, and a portion having no hydrogen bar- 
rier film. 

[0014] Another feature of the invention is a contact 55 
portion on the capacitor portion, formed by removing a 
portion of hydrogen barrier film from the capacitor por- 
tion. 



[0015] Another feature of the invention is a noncon- 
ductive hydrogen barrier film containing at least one 
material selected from the group consisting of Si 3 N 4 , 
SiON and a combination of Si 3 N 4 , SiON and Si0 2 . 
[0016] Another feature of the invention is an electri- 
cally conductive hydrogen barrier film comprising at 
least one material selected from nitrides of the group 
consisting of Ti, Zr, Nb, Ta, Hf and W. 
[001 7] Another feature of the invention is the utilization 
of an electrically conductive hydrogen barrier film as the 
upper electrode of a memory capacitor. 
[0018] In a first basic embodiment, the invention com- 
prises a substrate and a transistor portion having a gate 
oxide film on the substrate, a gate electrode on the gate 
oxide film, and an impurity diffusion region in the sub- 
strate. It further includes a capacitor portion containing 
a capacitor insulating film and having a surface. A 
hydrogen barrier film is located on the surface of the 
capacitor portion. A contact portion is formed on the 
surface of the capacitor portion by removing a portion of 
the hydrogen barrier film from the capacitor portion. The 
contact portion is for electrically contacting the capaci- 
tor portion to the transistor portion. The capacitor por- 
tion does not overlap the transistor portion. 
[0019] In one variation of the first basic embodiment 
of the invention, a nonconductive hydrogen barrier film 
is formed on an interlayer insulating film, then a lower 
electrode and a capacitor insulating film are formed. 
Then an upper electrode and a conductive hydrogen 
barrier, or alternatively just a conductive hydrogen bar- 
rier serving also as an electrode, are formed. These 
films are patterned, and then the patterned surface is 
covered with a second nonconductive hydrogen barrier 
film. A contact hole is made in the second nonconduc- 
tive hydrogen barrier film to form a contact portion on 
the conductive film below. 

[0020] In another variation, the upper electrode is 
formed on the capacitor insulating film, the films are pat- 
terned to form a capacitor, then the second nonconduc- 
tive hydrogen barrier film is formed to cover the surfaces 
of the capacitor. Then a portion of the nonconductive 
hydrogen is removed to form a contact hole and a con- 
tact portion on the upper electrode. Then a conductive 
hydrogen barrier film is formed to fill the contact hole 
and cover the contact portion and the top of the capaci- 
tor portion. Alternatively, an interlayer insulating film can 
be formed on the second nonconductive hydrogen bar- 
rier film, a contact hole made through both the interlayer 
insulating film and the second nonconductive hydrogen 
barrier film, and then the contact portion covered with 
the conductive hydrogen barrier film 
[0021] In another second basic embodiment, the 
invention comprises a substrate and a transistor portion 
having a gate oxide film on the substrate, a gate elec- 
trode on the gate oxide film, and an impurity diffusion 
region in the substrate. It further includes a plurality of 
capacitor portions, each having a lower electrode and a 
capacitor insulating film, each of the capacitor portions 
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overlapping a transistor portion. Each capacitor portion 
is located over a plug, which is electrically connected to 
the transistor portion. A first, nonconductive hydrogen 
barrier film is formed on an interlayer insulating film. A 
second, electrically conductive hydrogen barrier film is 
formed on the first, nonconductive hydrogen barrier film 
and the plug. A lower electrode is formed on the sec- 
ond, conductive hydrogen barrier film. The lower elec- 
trode and the second, conductive hydrogen barrier film 
are patterned to form a patterned surface. The capacitor 
insulating film is formed on the patterned surface and 
then it is removed from the surface except not from the 
top and side surfaces of the capacitor portion. A third, 
conductive hydrogen barrier film is formed on the 
capacitor insulating layer and the first, nonoonductive 
hydrogen barrier film. Then the third, conductive hydro- 
gen barrier film and the first, nonconductive hydrogen 
barrier film are removed from the underlying interlayer 
insulating film, but not from the capacitor portion. Thus, 
the capacitor portions are covered by hydrogen barrier 
film, but there is a portion between the capacitor por- 
tions that is not covered. 

[0022] A first variation of the second basic embodi- 
ment includes a first, electrically nonconductive hydro- 
gen barrier film formed on the plug and on the interlayer 
insulating film, as described above, but the capacitor 
insulating film is patterned in the same process as the 
third, conductive hydrogen barrier film and the noncon- 
ductive hydrogen banrier film. In a second variation, no 
nonconductive hydrogen barrier film is formed on the 
interlayer insulating layer, and a second, conductive 
hydrogen barrier film, the capacitor insulating film, and a 
first, conductive hydrogen barrier film are patterned in 
the same process. 

[0023] A feature of the invention is that the capacitor 
insulating film may contain a ferroelectric substance 
material or a high dielectric constant material. The ferro- 
electric substance material is a ferroelectric metal 
oxide, such as Pb(Zr,Ti)0 3 and SrBi 2 Ta 2 0 9 . The high 
dielectric constant material is a non-ferroelectric dielec- 
tric metal oxide, such as (Sr,Ba)Ti0 3 . 
[0024] Numerous other features, objects and advan- 
tages of the invention will become apparent from the fol- 
lowing description when read in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] 

FIG. 1 is a side cross-sectional view showing a 
basic structure of a semiconductor device accord- 
ing to a first embodiment of this invention. 
FIGS. 2-9 are side cross-sectional views showing a 
method of manufacturing the semiconductor device 
illustrated in FIG. 1 with each manufacturing step. 
FIG. 10 is a side cross-sectional view showing a 
basic structure of a modified embodiment of the 



semiconductor device illustrated in FIG. 1 . 
FIG. 1 1 is a side cross-sectional view showing a 
basic structure of another modified embodiment of 
the semiconductor device illustrated in FIG. 1 . 
5 FIG. 12 is a side cross-sectional view showing a 
basic structure of still another modified embodi- 
ment of the semiconductor device illustrated in FIG. 
1. 

FIG. 1 3 shows results from measuring of hysteresis 
10 in a capacitor device portion before and after hydro- 
gen anneal of the semiconductor device illustrated 
in FIG. 1. 

FIG. 14 shows a frequency distribution of Vt meas- 
uring value before and after hydrogen anneal of the 
15 semiconductor device (transistor) illustrated in FIG. 
1. 

FIG. 15 is a side cross-sectional view showing a 
basic structure of a semiconductor device accord- 
ing to a second embodiment of this invention. 
20 FIGS. 16-24 are side cross-sectional views show- 
ing a method of manufacturing the semiconductor 
device illustrated in FIG. 15 with each manufactur- 
ing step. 

FIG. 25 is a side cross-sectional view showing a 

25 basic structure of a modified embodiment of the 
semiconductor device illustrated in FIG. 15. 
FIG. 26 is a side cross-sectional view showing a 
basic structure of another modified embodiment of 
the semiconductor device illustrated in FIG. 15. 

30 FIG. 27 is a side cross-sectional view showing a 
basic structure of a conventional semiconductor 
device in which a hydrogen barrier film is formed on 
an interlayer insulating film. 
FIG. 28 is a side cross-sectional view showing a 

35 basic structure of another conventional semicon- 
ductor device in which a hydrogen barrier film is 
formed on the upper electrode of the device. 
FIG. 29 is a side cross-sectional view showing a 
basic structure of another conventional semicon- 

40 ductor device in which a hydrogen barrier film is 
formed on the entire surface of the device. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

45 

[0026] By reference to the drawings, a semiconductor 
device and a method of manufacturing the same in sev- 
eral embodiments is described herein. 
[0027] It should be understood that the FIGS. 1-12, 

so 1 5-26 depicting integrated circuit devices in accordance 
with the invention are not meant to be actual plan or 
cross-sectional views of any particular portion of an 
actual integrated circuit device. In the actual devices, 
the layers will not be as regular and their thicknesses 

55 may have different proportions. The various layers in 
actual devices often are curved and possess overlap- 
ping edges. The figures instead show idealized repre- 
sentations which are employed to depict more clearly 
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and fully the method of the invention than would other- 
wise be possible. Also, the figures represent only one of 
innumerable variations of ferroelectric devices that 
could be fabricated using the method of the invention. 
For the sake of clarity, the same reference numbers 5 
have been used to identify similar elements among the 
different embodiments of the invention depicted in the 
figures. 

[0028] As discussed in the problem statement above, 
the dielectric substance of the capacitor insulating film 10 
is an oxide that may be a ferroelectric oxide, such as 
Pb(Zr,Ti)0 3 and SrBi 2 Ta 2 0 9 , or it may be a non-ferroe- 
lectric dielectric oxide, such as (Sr,Ba)Ti0 3 . 
[0029] FIG. 1 is a side cross-sectional view showing a 
basic structure of a semiconductor device according to is 
a first embodiment of this invention. In the structure of 
the semiconductor device, a device isolation oxide 2, an 
interlayer insulating film 6, a hydrogen barrier film 7, a 
lower electrode 8, a capacitor insulating film 9, an upper 
electrode 10, a hydrogen barrier film 11, a hydrogen 20 
barrier film 1 2, an interlayer insulating film 1 3 and a wir- 
ing layer 14 are deposited on a silicon substrate 1 with 
this order. The capacitor portion 19 comprising the 
lower electrode 8, the capacitor insulating film (dielectric 
film) 9 and the upper electrode 1 0 is completely covered 25 
with the hydrogen barrier films 7, 1 1, and 12. Further, a 
gate electrode 5 is formed on a gate oxide film 4 
between impurity diffusion regions 3 in the silicon sub- 
strate 1 . In this event, the characteristic of the capacitor 
portion 19 does not deteriorate during a manufacturing 30 
process in a reduction atmosphere after the formation of 
the capacitor portion 19 because the capacitor portion 
1 9 is completely covered with the hydrogen barrier films 
7, 11, and 12. Further, a MOS characteristic is effec- 
tively ensured by a hydrogen anneal, and Vt of the tran- 35 
sistor is not fluctuated because the hydrogen barrier film 
is removed over the transistor. 

[0030] FIGS. 2-9 are side cross-sectional views show- 
ing a method of manufacturing such a semiconductor 
device at the respective manufacturing steps. 40 
[0031 ] First, as shown in FIG. 2, a transistor portion is 
fabricated by forming the gate electrode 5 on the gate 
oxide film 4 between the impurity diffusion regions 3 in 
the silicon substrate 1 by use of a known CMOS proc- 
ess. Thereafter, a first interlayer insulating film 6 of a 45 
BPSG layer is formed, and a first hydrogen barrier film 7 
having the film thickness of 100 to 2000 A (for example, 
500 A) is formed on the interlayer insulating film 6. The 
hydrogen barrier film 7 is a Si 3 N 4 film that is formed by 
using a reduced pressure CVD method or a sputtering so 
method. If the film thickness is less than 100 A, the 
hydrogen barrier film 7 does not provide sufficient bar- 
rier performance. On the other hand, if film thickness 
exceeds 2000 A, warping of the silicon substrate 1 
occurs because of stress from the Si 3 N 4 film. Therefore, ss 
thicknesses outside the range 100-2000 A are undesir- 
able. The Si 3 N 4 film due to the reduced pressure CVD 
method is excessively dense and the content of the 
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hydrogen is also small. Subsequently, as shown in FIG. 
3, the lower electrode 8, the capacitor insulating film 9, 
the upper electrode 10 and a second hydrogen barrier 
film 1 1 are successively deposited on the barrier film 7. 
A contact layer, such as Si0 2 , may be also formed 
between the hydrogen barrier film 7 and the lower elec- 
trode 8. For example, where a contact layer of NSG hav- 
ing a film thickness of 500 A is formed on the hydrogen 
barrier film, a lower electrode 8 comprising a Ti film of 
500 A thickness and a Pt layer of 2000 A thickness is 
deposited thereon by the use of a sputtering method. 
Further, the capacitor insulating film 9 having a film 
thickness of 2000 A is formed by use of a sol-gel proc- 
ess. Thereafter, the upper electrode 10 of Pt having a 
film thickness of 200 A and the hydrogen barrier film 1 1 
of TiN having the film thickness of 500 A are succes- 
sively deposited thereon by a sputtering method. The 
barrier film 11 must be conductive so a conductive 
nitride, such as TiN and TaN, is used to form it. Further, 
the film thickness thereof is set to 100 A or more to 
obtain a sufficient barrier performance. 
[0032] Then, as shown in FIG. 4, the hydrogen barrier 
film 1 1 , the upper electrode 10, the capacitor insulating 
film 9 and the lower electrode 8 are processed by etch- 
ing. 

[0033] After a third hydrogen barrier film 1 2 is formed 
on the entire upper surface, as shown in FIG. 5. the 
hydrogen barrier film 7 and the hydrogen barrier film 12 
over the transistor are removed by etching to obtain the 
condition illustrated in FIG. 6. For example, the hydro- 
gen barrier film 12 of Si 3 N 4 with a thickness of 500 A is 
deposited by sputtering. Then, as shown in FIG. 6, the 
hydrogen barrier films 7 and 12 are removed from inter- 
layer insulating film 6, but not from the capacitor portion 
19. 

[0034] Further, the hydrogen barrier film 1 2 is formed 
to the same thickness using Si 3 N 4 as the hydrogen bar- 
rier film 7. However, it is desirable to apply a sputtering 
method as the deposition method because the CVD 
method has a hydrogen atmosphere that deteriorates 
capacitance characteristics. Also, a multilayer of Si 3 N 4 
and Si0 2 or a film containing oxygen and nitrogen rep- 
resented by SiON (namely, SiON or one selected from a 
group of Si 3 N 4 , SiON and Si0 2 ) is applicable for the 
hydrogen barrier film 12. 

[0035] Next, as shown in FIG. 7, after a second insu- 
lating film 13 of Si0 2 is formed by the use of the CVD 
method, a contact hole is formed as shown in FIG. 8. 
After a W film is finally formed by the CVD method as 
shown in FIG. 9, W is embedded into a contact portion 
20 by the etch back, and the wiring layer 14 of Al is 
deposited and patterned. Thereafter, the hydrogen 
anneal is carried out at 400°C to form a protection film 
on the wiring layer 14. 

[0036] FIG. 1 0 is a side cross-sectional view showing 
a basic structure with respect to a modification of the 
semiconductor device illustrated in FIG. 1. In such a 
semiconductor device, a sequence for forming the 
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hydrogen barrier is different from the semiconductor 
device illustrated in FIG. 1 . Namely, in this example, the 
second barrier film 1 1 is formed after the second inter- 
layer insulating film 13 is formed and the contact hole is 
etched. Thereafter, the second hydrogen barrier film 11, 5 
except over the capacitor portion 19, is removed. The 
same structure as the semiconductor device illustrated 
in FIG. 1 can be obtained by the above manufacturing 
method. 

[0037] In the structure illustrated in FIG. 1, a heat 10 
treatment of a high temperature in an atmosphere con- 
taining oxygen cannot be performed because the 
capacitor insulating film 9 is insulated from oxidation 
after the formation of the second hydrogen barrier film 
11. However, the capacitance characteristic can be 15 
improved by performing an oxygen anneal after 
processing the capacitor insulating film 9, because the 
second hydrogen barrier film 11 is not formed at the 
same time as the capacitor insulating film 9 in this struc- 
ture- 

_ 20 

[0038] FIG. 1 1 is a side cross-sectional view showing 
a basic structure according to another modification 
example of the semiconductor device illustrated in FIG 

1. 

[0039] In such a semiconductor device, the second 25 
hydrogen film 1 1 is formed after the third hydrogen bar- 
rier film 12 is formed and the contact hole of the capac- 
itor portion 19 is etched. Thereafter, in contrast to the 
semiconductor device illustrated in FIG. 1 , the hydrogen 
barrier films 1 1 and 12, except on the capacitor portion 30 
1 9, are removed. A structure equivalent to the semicon- 
ductor device illustrated in FIG. 1 can be obtained by the 
above manufacturing method. 

[0040] FIG. 1 2 is a side cross-sectional view showing 
a basic structure according to another modification of 35 
the semiconductor device illustrated in FIG. 1 . In such a 
semiconductor device, in contrast to the semiconductor 
device illustrated in FIG. 1 , the first hydrogen barrier film 
7 is etched simultaneously with the lower electrode 9. A 
structure equivalent to the semiconductor device illus- to 
trated in FIG. 1 can be obtained by this manufacturing 
method. 

[0041] FIG. 13 shows the result of measuring the hys- 
teresis curve [polarization (jnC/cm2) as a function of 
voltage(V)] of the capacitor device portion before and 45 
after the hydrogen anneal for the semiconductor device 
illustrated in FIG. 1. The capacitor insulating film com- 
prised SrBi 2 Ta 2 0 9 . The resulting curve shows that 
almost no deterioration due to the hydrogen anneal 
occurred. 

50 

[0042] FIG. 14 shows a frequency distribution of 
measured Vt-value before and after the hydrogen 
anneal (in the case of nMOS and pMOS transistors) for 
the semiconductor device illustrated in FIG. 1 . It is found 
from the measurement results that the fluctuation of Vt ss 
after the hydrogen anneal is largely reduced. 
[0043] FIG. 15 shows a side cross-sectional view 
showing the basic structure of a semiconductor device 



according to a second embodiment of this invention. 
[0044] A device isolation oxide film 2, an interlayer 
insulating film 6 having a plug 15, a hydrogen barrier 
film 7, a hydrogen barrier film 1 1 , a lower electrode 8, a 
capacitor insulating film 9, a hydrogen barrier film 12 
and a wiring layer 14 are deposited in this order on a sil- 
icon substrate 1. In this case, a capacitor portion 19 
comprising the lower electrode 8 and the capacitor insu- 
lating film (dielectric film) 9 is completely covered with 
the hydrogen barrier films 7, 1 1 and 12, and a gate elec- 
trode 5 is formed on a gate oxide film 4 between impu- 
rity diffusion regions 3 in the silicon substrate 1. In this 
example, in contrast to the first embodiment, the lower 
electrode 8 is connected to a source and a drain of a 
selection transistor via plug 15. As in the first embodi- 
ment, however, the capacitor portion 19 is covered with 
the hydrogen barrier films 7, 1 1 , and 12, and the hydro- 
gen barrier films, except on the capacitor portion 19, are 
removed. Although the capacitor portion 19 substan- 
tially overlaps the transistor portion, as shown in FIG. 
15, and the hydrogen barrier films 7, 11, and 12 are 
located above the transistor portion, the MOS charac- 
teristic is ensured by the hydrogen anneal because the 
hydrogen sufficiently diffuses from the portion between 
the capacitor portions 19 from which the hydrogen bar- 
rier is removed. 

[0045] FIGS. 16-24 are side cross-sectional views 
showing a method of manufacturing the semiconductor 
device of FIG. 15 for each manufacturing step. 
[0046] First, as shown in FIG. 1 6, a first barrier film 7 
is formed in the same sequence as the first embodi- 
ment, and as shown in FIG. 1 7, a contact hole is formed 
by the etching. Thereafter, as shown in FIG. 18, a plug 
15 is formed by an etch back after polysilicon is depos- 
ited by using a CVD method. 

[0047] Next, as shown in FIG. 19, the second barrier 
film 11 and the lower electrode 8 are deposited. TIN, 
TaN and the like are used as the hydrogen barrier film 
1 1 because it must be conductive. The barrier film 11 
has a film thickness of 100 A or more to obtain sufficient 
barrier performance. For example, the hydrogen-barrier 
film 1 1 of TaN having a film thickness of 500 A and the 
lower electrode 8 of Ru are deposited by a sputtering 
method. 

[0048] Further, as shown in FIG. 20, lower electrode 8 
and the hydrogen barrier film 1 1 are processed by etch- 
ing, followed by formation of the capacitor insulating film 
9 thereon, as shown in FIG. 21 . The capacitor insulating 
film 9 is processed by etching, as shown in FIG. 22. For 
example, after the hydrogen barrier film 1 1 of TaN film 
and the lower electrode 8 of Ru layer are etched, 
(Ba,Sr)Ti0 3 is formed as the capacitor insulating film 9 
by a CVD method. Thereafter, the etching process is 
carried out. 

[0049] Successively, as shown in FIG. 23, the third 
barrier film 12, which is conductive, is formed, and the 
wiring layer 14 of a plate line layer is formed thereon. 
For example, the hydrogen barrier film 12 of TiN having 
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a thickness of 500 A is formed by the CVD method, and 
then polysilicon is formed as the plate line layer by CVD 
to obtain wiring layer 14. In this case, the CVD method 
used to form hydrogen barrier film 12 provides a film 
having excellent step coverage. In the formation of the 5 
wiring layer 14, polysilicon is formed in a reduction 
atmosphere in which the reaction represented by 

SiH 4 -* Si + 2H 2 

10 

is performed However, the capacitor insulating film 9 is 
not degraded because the hydrogen barrier film 12 of 
TiN film is in place. 

[0050] Subsequently, wiring layer 14 and hydrogen 
barrier f ims 1 2 and 7 are removed from between capac- 15 
itor portions 19 by etching, as shown in FIG. 24. There- 
after, the second tnterlayer insulating film 13 and a 
wiring layer of Al (not shown) are formed thereon. Next, 
the hydrogen anneal is carried out at 400°C. 
[0051 ] (Ba.Sr )TO. of the capacitor insulating film 9 in 20 
the semiconductor device (nMOS and pMOS transis- 
tors) has a dielectric constant of about 300, and the fluc- 
tuation of Vt of the transistor is 10% or less in the case 
of both nMOS and pMOS 

[0052] FIG 25 is a side cross-sectional view showing 25 
a basic structure according to one modified embodi- 
ment of the semiconductor device illustrated in FIG. 15. 
In such a semiconductor device, the etching process 
after the formation of the capacitor insulating film 9 is 
omitted, and the capacitor insulating film 9 is etched at 30 
the same time with the wiring layer 14. Basically, the 
same structure as the semiconductor device illustrated 
in FIG. 15 can be obtained using the above manufactur- 
ing step. This semiconductor device has the advantage 
of reducing the manufacturing steps. On the other hand, 35 
compared to the semiconductor device depicted in FIG. 
15, the semiconductor device is subjected more to the 
damage arising from hydrogen because the capacitor 
insulating film 9 is exposed at the side. However, a small 
degree of deterioration can be permitted because the 40 
side portion, which does not contact with the lower elec- 
trode 8, does not function in the capacitor. 
[0053] FIG. 26 is a side cross-sectional view showing 
a basic structure according to another modified embod- 
iment of the semiconductor device depicted in FIG. 15. 45 
In such a semiconductor device, in contrast to the sem- 
iconductor device of FIG. 15, the first hydrogen film 7 is 
omitted and the second hydrogen barrier film 11 is 
etched at the same time as wiring layer 14. Basically, 
the same structure as the semiconductor device illus- so 
trated in FIG. 15 can be obtained by using the above 
manufacturing process. In this event, although the 
capacitor insulating film 9 is exposed at the side sur- 
face, as in the semiconductor device of FIG. 25, this 
semiconductor device has the advantage that the man- 55 
ufacturing process can be shortened. 
[0054] As described above, the deterioration of the 
capacitor insulating film (dielectric film) due to the 



hydrogen can be completely prevented, and further, 
excellent capacitance characteristics can be obtained in 
the semiconductor devices and with the manufacturing 
methods of this invention, despite manufacturing steps 
in a reduction atmosphere. Consequently, the yield can 
be increased as a result of increments of the operating 
margin. In addition, excellent capacitance characterisr 
tics can be obtained because the capacitor portion 1 9 is 
directly covered with the hydrogen barrier film. Further, 
the manufacturing process can be performed using a 
CVD method for depositing W after the formation of the 
capacitor portion 19, without increasing the size of the 
hydrogen barrier film with respect to the capacitor por- 
tion 19. Consequently, the cell area necessary for the 
capacitor portion 19 can be reduced, and a contact por- 
tion 20 having a high aspect ratio can be formed. In 
addition, the characteristic deterioration of the capacitor 
portion 1 9 with time can be prevented, and the reliability 
can be improved because the hydrogen barrier film has 
a high barrier performance for the water in addition to 
hydrogen. 

[0055] There has been described a method for fabri- 
cating ferroelectric integrated circuits that permits expo- 
sure to hydrogen and still results in ferroelectric devices 
with good electrical properties. It should be understood 
that the particular embodiments shown in the drawings 
and described within this specification are for purposes 
of example and should not be construed to limit the 
invention which will be described in the claims below. 
Further, it is evident that those skilled in the art may now 
make numerous uses and modifications of the specific 
embodiments described, without departing from the 
inventive concepts. It is also evident that the steps 
recited may, in some instances, be performed in a differ- 
ent order; or equivalent structures and processes may 
be substituted for the various structures and processes 
described. Consequently, the invention is to be con- 
strued as embracing each and every novel feature and 
novel combination of features present in and/or pos- 
sessed by the fabrication processes, electronic devices, 
and electronic device manufacturing methods 
described. 

Claims 

1 . A semiconductor device comprising : 

a capacitor portion having a capacitor insulat- 
ing film, said capacitor insulating film compris- 
ing a material selected from the group 
consisting of a ferroelectric substance material 
or a high dielectric constant material; 
a hydrogen barrier film, said hydrogen barrier 
film covering said capacitor portion; and 
a portion having no hydrogen barrier film. 

2. A semiconductor device as in claim 1 , further com- 
prising 
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a transistor portion; 

a surface on said capacitor portion; and 
a contact portion located at said surface for 
electrically contacting said transistor portion to 
said capacitor portion, whereby said hydrogen 5 
barrier film covers said surface except for said 
contact portion. 

3. A semiconductor device comprising: 

10 

a substrate, said substrate forming a substrate 
plane; 

a transistor portion having a gate oxide film on 
said substrate, a gate electrode on said gate 
oxide film, and an impurity diffusion region; is 
a capacitor portion having a capacitor insulat- 
ing film, said capacitor insulating film compris- 
ing a material selected from the group 
consisting of a ferroelectric substance material 
or a high dielectric constant material, said 20 
capacitor portion having a surface and said 
surface having a contact portion for electrically 
contacting said impurity diffusion region to said 
capacitor portion, said capacitor portion and 
said transistor portion not overlapping each 25 
other on the substrate plane; and 
a hydrogen barrier film, said hydrogen barrier 
film located on said surface except for said con- 
tact portion; 

whereby no hydrogen barrier film is located 30 
over said transistor portion. 

4. A semiconductor device as in claim 3, wherein: 

said capacitor portion has a top and a lower 35 
electrode, and said lower electrode has an 
upper surface, and said capacitor insulating 
film is located on said upper surface; 
said semiconductor device comprises a first 
hydrogen barrier film, said first hydrogen bar- 40 
rier film being nonconductive and being located 
under said lower electrode and not at said con- 
tact portion; 

said semiconductor device comprises a sec- 
ond hydrogen barrier film, said second hydro- 45 
gen barrier film located on said top of said 
capacitor portion and said second hydrogen 
barrier film selected from the group consisting 
of conductive hydrogen barrier films and non- 
conductive hydrogen barrier films. so 

5. A semiconductor device as in claim 4, wherein said 
nonconductive hydrogen barrier film comprises at 
least one selected from the group consisting of 
Si 3 N 4 . SiON and a combination of Si 3 N 4 , SiON and 55 
Si0 2 . 

6. A semiconductor device as in claim 3, wherein: 



said capacitor portion has a conductive top and 
a lower electrode, and said lower electrode has 
an upper surface and a side surface, and said 
capacitor insulating film is located on said 
upper surface and said side surface; 
said capacitor insulating film has a lower sur- 
face; and 

said semiconductor device comprises a non- 
conductive hydrogen barrier film, said noncon- 
ductive hydrogen barrier film covering said 
conductive top of said capacitor portion, said 
side surface of said lower electrode and said 
lower surface of said capacitor insulating film. 

7. A semiconductor device as in claim 6, wherein said 
semiconductor device comprises a conductive 
hydrogen barrier film and said conductive hydrogen 
barrier film covers said contact portion. 

8. A semiconductor device as in claim 7, wherein said 
conductive hydrogen barrier film comprises at least 
one selected from the group consisting of nitrides of 
Ti, Zr, Nb, Ta, Hf and W. 

9. A semiconductor device as in claim 6, wherein said 
nonconductive hydrogen barrier film comprises at 
least one selected from the group consisting of 
Si 3 N 4 , SiON and a combination of Si 3 N 4 , SiON and 
Si0 2 . 

10. A semiconductor device as in claim 6, further com- 
prising: 

an upper electrode. 

1 1 . A semiconductor device comprising: 

a substrate; 

a transistor portion, said transistor portion hav- 
ing a gate oxide film on said substrate, a gate 
electrode on said gate oxide film, and an impu- 
rity diffusion region; 

a plurality of capacitor portions, each of said 
capacitor portions having a capacitor insulating 
film, said capacitor insulating film comprising a 
material selected from the group consisting of a 
ferroelectric substance material or a high die- 
lectric constant material, each of said capacitor 
portions formed on a plug electrically con- 
nected to said impurity diffusion region, and 
each of said capacitor portions having a sur- 
face with a contact portion, said contact portion 
being electrically connected to said transistor 
portion; and 

a hydrogen barrier film located on said surface 
except for said contact portion; 
whereby no hydrogen barrier film is located 
between said capacitor portions. 
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12. A semiconductor device as in claim 1 1 wherein: prising: 



said capacitor portion has a top and a lower 
electrode, and said lower electrode has an 
upper surface, and said capacitor insulating s 
film is located on said upper surface; 
said semiconductor device comprises a first 
hydrogen barrier film, said first hydrogen bar- 
rier film being nonconductive and being located 
under said lower electrode and not at said con- w 
tact portion; 

said semiconductor device comprises a sec- 
ond hydrogen barrier film, said second hydro- 
gen barrier film located on said top of said 
capacitor portion and said second hydrogen is 
barrier film selected from the group consisting 
of conductive hydrogen barrier films and non- 
conductive hydrogen barrier films. 



13. A semiconductor device as in claim 12, wherein 20 
said nonconductive hydrogen barrier film com- 
prises at least one selected from the group consist- 
ing of Si 3 N 4> SiON and a combination of Si 3 N 4( 
SiON and Si0 2 . 

25 

14. A semiconductor device as in claim 1 1 , wherein: 



15. A semiconductor device as in claim 14, wherein 
said semiconductor device comprises a conductive 
hydrogen barrier film and said conductive hydrogen 
barrier film covers said contact portion. 45 

16. A semiconductor device as in claim 15, wherein 
said conductive hydrogen barrier film comprises at 
least one selected from the group consisting of 
nitrides of Ti, Zr, Nb, Ta, Hf and W. ~ so 

17. A semiconductor device as in claim 14, wherein 
said nonconductive hydrogen barrier film com- 
prises at least one selected from the group consist- 
ing of Si 3 N 4l SiON and a combination of Si 3 N 4 , ss 
SiON and Si0 2 . 

18. A semiconductor device as in claim 14, further com- 



an upper electrode. 

19. A semiconductor device comprising: 

a capacitor portion having a capacitor insulat- 
ing film, said capacitor insulating film compris- 
ing a metal oxide; 

a hydrogen barrier film, said hydrogen barrier 
film covering said capacitor portion; and 
a portion having no hydrogen barrier film. 

20. A semiconductor device as in claim 19, wherein 
said metal oxide is one selected from the group 
consisting of SrBi 2 Ta 2 Og, Pb(Zr,Ti)0 3 , and 
(Sr,Ba)Ti0 3 . 

21 . A method of manufacturing a semiconductor device 
comprising steps of: 

forming a capacitor portion having a lower elec- 
trode, a capacitor insulating film, and an upper 
electrode, said capacitor insulating film, com- 
prising a material selected from the group con- 
sisting of a ferroelectric substance material or a 
high dielectric constant material; 
forming a hydrogen barrier film that covers said 
capacitor portion; and 

removing a portion of said hydrogen barrier film 
by etching. 

22. A method of manufacturing a semiconductor device 
comprising steps of: 

forming a lower electrode on a first hydrogen 
barrier film; 

forming a capacitor insulating film on said lower 
electrode; 

forming an upper electrode on said capacitor 
insulating film; } 
forming a second hydrogen barrier film on said 
upper electrode; 

patterning together said first hydrogen barrier 
film, said lower electrode, said capacitor insu- 
lating film, said upper electrode, and said sec- 
ond hydrogen barrier film to form a patterned 
surface including a capacitor portion; 
forming a third hydrogen barrier film on said 
patterned surface, whereby said third hydrogen 
barrier film is nonconductive; 
removing said third hydrogen barrier film from 
said patterned surface, except not from said 
capacitor portion; and 

removing a portion of said third hydrogen bar- 
rier film on said upper electrode to form a con- 
tact portion. 



said capacitor portion has a conductive top and 
a lower electrode, and said lower electrode has 
an upper surface and a side surface, and said 30 
capacitor insulating film is located on said 
upper surface and said side surface; 
said capacitor insulating film has a lower sur- 
face; and 

said semiconductor device comprises a non- 35 
conductive hydrogen barrier film, said noncon- 
ductive hydrogen barrier film covering said 
conductive top of said capacitor portion, said 
side surface of said lower electrode and said 
lower surface of said capacitor insulating film. 40 
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23. A method of manufacturing a semiconductor device 
comprising steps of: 

forming a lower electrode on a first hydrogen 
barrier film; 5 
forming a capacitor insulating film on said lower 
electrode; 

forming an upper electrode on said capacitor 
insulating film; 

patterning together said first hydrogen barrier 10 
film, said lower electrode, said capacitor insu- 
lating film and said upper electrode to form a 
patterned surface including a capacitor portion; 
forming a third hydrogen barrier film on said 
patterned surface and removing said third is 
hydiogen barrier film except not from said 

CapacrtOf pCKtKXI. 

removing a portion of said third hydrogen bar- 
rier film on said upper electrode to form a con- 
tact portion, and 20 
forming a second hydrogen barrier film to cover 26. 
said contact portion, said second hydrogen 
barrier film being conductive. 



24. A method of manufacturing a semiconductor device 
comprising steps of 

forming a first, nonconductive hydrogen barrier 
film on an irrtertayer insulating film; 
forming a plug. 

forming a second, conductive hydrogen barrier 
film on said plug; 

forming a lower electrode on said second, con- 
ductive hydrogen barrier film; 
patterning said lower electrode and said sec- 
ond, conductive hydrogen barrier film to form a 
patterned surface including a capacitor portion; 
forming a capacitor insulating film on said pat- 
terned surface; 

removing said capacitor insulating film from 
said patterned surface except not from said 
capacitor portion; 

forming a third, conductive hydrogen barrier 
film on said patterned surface including on said 
capacitor portion; 

removing said third, conductive hydrogen bar- 
rier film and said first nonconductive hydrogen 
barrier film from said interlayer insulating film 
except not from said capacitor portion. 

25. A method of manufacturing a semiconductor device 
comprising steps of 

forming a first, nonconductive hydrogen barrier 
film on an interlayer insulating film; 
forming a plug in said first, nonconductive 
hydrogen barrier film and in said interlayer 
insulating film; 



25 



30 



35 



40 



forming a second, conductive hydrogen barrier 
film on said plug and on said first, nonconduc- 
tive hydrogen barrier film; 
forming a lower electrode on said second, con- 
ductive hydrogen barrier film; 
patterning said lower electrode and said sec- 
ond, conductive hydrogen barrier film to form a 
patterned surface including a capacitor portion; 
forming a capacitor insulating film on said pat- 
terned surface including on said capacitor por- 
tion; 

forming a third, conductive hydrogen barrier 
film on said patterned surface including on said 
capacitor portion; 

removing said third, conductive hydrogen bar- 
rier film, said capacitor insulating film and said 
first, nonconductive hydrogen barrier film from 
said interlayer insulating film except not from 
said capacitor portion. 

A method of manufacturing a semiconductor device 
comprising steps of: 

forming a plug in an interlayer insulating film; 
forming a first, conductive hydrogen barrier film 
on said plug and on said interlayer insulating 
film; 

forming a lower electrode on said first, conduc- 
tive hydrogen barrier film; 
patterning said lower electrode to form a pat- 
terned surface including a capacitor portion; 
forming a capacitor insulating film on said pat- 
terned surface including on said capacitor por- 
tion; 

forming a second, conductive hydrogen barrier 
film on said patterned surface including on said 
capacitor portion; 

removing said second, conductive hydrogen 
barrier film, said capacitor insulating film and 
said first, conductive hydrogen barrier film from 
said interlayer insulating film, except not from 
said capacitor portion. 
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